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ABSTRACT
WILLIAM CRAIG DENNEY: Seasonal Changes in Bacterial Communities in
Magnolia {Magnolia grandiflora) Leaf Phyllosphere
(Under the direction of Colin R. Jackson, Ph.D.)

What is currently known about bacterial diversity of the phyllosphere has
largely come from studies of plants involved in commercial agriculture. With very
few studies dedicated to examining phyllosphere bacterial communities of natural
forests, the issue of seasonal changes in bacterial communities in Magnolia
gvandifloi'a leaf phyllosphere was investigated. In order to examine the issue, 16S
rRNA sequencing techniques were used to identify and compare bacterial
communities between leaf samples collected in February, May, August and December
of 2008. When M. grandiflora DNA samples were examined with denaturing gel
electrophoresis(DGGE), similarities between the bacterial communities of each leaf
could be determined. A February 2008 sample was used to create a 16S rRNA clone
library, and sequence data from this library allowed for the identity of bacteria in the
phyllosphere to be determined.
Binary DGGE data was used to examine similarities between each leaf sample
using cluster analysis, multidimensional scaling(MDS)and Jaccard similarity. These
various forms of analysis all showed that there was a significant difference in the
bacterial communities of M. grandiflora phyllosphere between seasons, and there
were varying degrees of similarity between leaves of the same season. The seasonal
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variance in bacterial communities of M grandiflora leaf phyllosphere may be due to
seasonal changes in the canopy of the forest, as samples were taken from trees
growing in the understory, that cause changes in environmental factors such as
sunlight or precipitation. The seasonal variation may also be a product of various
bacteria being more adapted to the temperatures and environmental conditions of
various seasons.
The 16S rRNA clone library created from a February sample produced 85
usable gene sequences that were each identified using BLAST searches to GenBank.
These 85 clone sequences were identified as bacteria existing in six different phyla
and classes, as well as some chloroplast DNA and unknown environmental bacteria.
The dominant bacteria identified were in phyla Proteobacteria, Actinobacteria. and
Bacteroidetes. The most dominant phyla was Proteobacteria and all identified
Proteobacteria were of the class Alphaproteobacteria. The sequencing of the 16S
rRNA clone library shows that the bacteria present in M grandiflora phyllosphere is
dominated by Alphaproteobacteria and also includes several other soil bacteria.
While the February sequence data identifies the bacteria present during that season,
the apparent changes revealed by DGGE suggest that more extensive sequence
analysis, looking at sequences found in each season, is warranted.
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INTRODUCTION
The study of plants and animals has led to much of what we know about the
biodiversity of life and its foundations, preservation, and divisions. While there are
millions of species of bacteria on earth, it is thought that we have only identified
approximately one percent of those species(Amann et al. 1995). Knowing this, it seems
clear that we have only begun to scratch the surface in the study of microbiology. Since
only a small portion of bacterial species have been identified, we are only beginning to
discover the patterns and forces that govern bacterial diversity(Homer-Devine et al.
2004).
One of the main factors contributing to the lack of knowledge of bacteria is the
relative youth of the field of microbiology. It was only just over 300 years ago that
Antonie van Leeuwenhoek first observed microorganisms; even then, the further study of
bacteria was not possible without being able to isolate individual microbes (Prescott et al.
2005). It was not until the 20 century with Martinus Beijerinck’s introduction of
enrichment cultures that individual microbes could be isolated (Beijerinck 1901). From
that time forth, throughout most of the 20“’ century enrichment cultures dominated the
field of microbiology.
It was not until recently that the use of molecular techniques revealed the
existence of bacteria that could not be cultured through traditional methods, thus leading
to a much wider range of bacteria that had long been oveilooked (Pace 1997). With these
discoveries, bacteria were recognized as one ofthe most abundant groups oforganisms
on earth and their effects on some ofthe Earth’s integral ecological processes were
acknowledged (Homer-Devine et al. 2004). Because of these findings we now realize the

importance of microbial diversity on Earth and see the need to more thoroughly
understand bacteria in natural environments.
Until recently it was the common procedure that in order to identify a microbe it
must first be isolated through culturing and then needed to be tested for multiple
physiological and biochemical traits(Amann et al. 1995). Cultures are usually carried
out in aerobic environments under moderate temperatures on nutrient enriched media.
Due to these specific conditions, only a fraction of bacteria are able to grow in typical
enrichment cultures. It is believed that bacteria identified under culturing methods
comprise less than one percent of bacterial species(Hugenholtz 2002). Realizing that so
much of the bacterial world has gone unnoticed because of a commitment to only
studying bacteria through enriched cultures, Hugenholtz(2002) asks the question. [I]f
more than 99% of microorganisms in the environment are unculturable using standard
techniques, how representative are cultivated microorganisms of prokaryotic diversity as
a whole?” Further support that enriched cultures provide evidence of only a small
fraction of microbial diversity was highlighted by in two separate cases. First in a study
that resulted in what is called the “great plate anomaly”, a great disparity between
bacteria from environmental samples that were cultured on an ennched media and those
that were observed microscopically was found and resulted in the figure that less than one
percent of all bacteria can be grown under standard culture methods (Staley and Konopka
1985). Furthennore, a survey of the bacteriological literature showed that 65% of
published microbial research between 1991 and 1997 was associated with only eight
bacterial genera, Escherichia (18%), Helicobacter(8%),Pseudomonas(7%), Bacillus
(7%), Streptococcus(6%), Mycobacterium (6%), Staphylococcus(6%), and Salmonella
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(5%)(Galvez et al. 1998). This previous commitment to culture methods for
identification of bacteria has overlooked bacteria that are not suited for cultivation under
standard methods or are in a nonculturable state, and those bacteria that have never been
cultured before due to a lack of suitable methods(Amann et al. 1995).
In the last forty years the use of molecular sequences to relate organisms totally
changed classification systems in biology(Zuckerkandl and Pauling 1965, Schwartz and
Dayhoff 1978). The use of molecular sequences to classify microorganisms began with
the discoveries of Carl Woese in 1977. Woese and colleagues used molecular sequences
of 16S ribosomal RNA(rRNA)to compare and classify organisms, and ultimately
through this classification system were able to divide all of life into three domains
eubacteria.

archaebacteria,” and “the urkaryotes”(Woese and Fox 1977), which we

now call Bacteria, Archaea, and Eucarya (Prescott et al. 2005). With the ability to now
classify bacteria through molecular sequences, the extent of bacterial diversity on earth
was realized (Hugenholtz et al. 1998). Woese continued work in the classification of
bacteria and by the late 1980’s through culture methods he defined 11 major phyla of
bacteria using molecular sequence data of 16S rRNA (Woese 1987). Since the 1980 s,
the number of bacteria phyla has dramatically increased due to technological advances,
and by 1998 there were 36 known bacterial phyla (Hugenholtz et al. 1998). Today it is
believed that there are 52 different phyla of bacteria, and only 26 of those have been
cultured (Rappe and Giavonnoni 2003). The ability to classify bacteria has improved
extraordinarily over the last twenty years, mostly due to the development of polymerase
chain reaction, or PCR.
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While the credit for who actually invented polymerase chain reaction(PCR)can
be disputed, Kary Mullis is widely credited for its invention in the early 1980’s(Gibson
et al. 1996, Higuchi et al. 2003). With PCR, Mullis developed a method that could
replicate select DNA fragments many times so that the DNA fragment can be studied in a
laboratory setting (Mullis 1990). In microbiology, PCR now allowed for the 16S rRNA
fragments of bacteria in environmental samples to be amplified and those 16S rRNA
fragments could be studied without having to first cultivate the bacteria. The ability to
study bacteria without having to first cultivate the sample allows for a much wider variety
of bacteria to be classified and thus accounts for the large increase in the number of
known bacterial phyla. With knowledge ofthe classification of various bacteria
continually expanding due to the invention of methods such as PCR,the study of
bacterial diversity has greatly increased.
While bacterial diversity is a field that continues to gamer the interest of many
researchers, the knowledge of bacterial diversity of the phyllosphere, or leaf surface, has
remained relatively unstudied. The phyllosphere provides an enormous area in which
bacteria may possibly grow, and it is estimated that the current world phyllosphere
inhabited by microbes is 6.4 x 10^ km^(Morris and Kinkel 2002). Not only does the size
of the phyllosphere present an interesting environment for possible growth, but also the
phyllosphere’s constantly changing conditions make it unique. The phyllosphere s
external environment changes as the amount oflight, temperature, wind speed, and
moisture vary throughout each day(Hirano and Upper 2000). As the leaf grows over the
plant’s life cycle, the area for potential bacterial growth in the phyllosphere increases as
well (Kinkel 1997).
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Previous studies have found that bacteria are dominant amongst microbial
colonizers of the phyllosphere, and that are as abundant as 10^ cells/cm" ofleaf(Andrews
and Harris 2000). While it is known that a large population of bacteria inhabit the
phyllosphere, very few studies looking at composition ofthe bacterial phyllosphere
community have been completed. The few studies that have examined bacterial
colonizers generally focused only on those species that could be cultured (Lindow and
Brandi 2003). Since it is believed that less than 1% of all bacteria are able to be cultured
under standard methods, these studies leave much to be desired in terms of understanding
the biodiversity of the phyllosphere to its fullest extent.
Another factor that has led to lacking information in phyllosphere biodiversity is
the previous studies’ focus on agriculture. Many of the questions surrounding bacterial
growth in the phyllosphere have dealt with the possibility of human pathogens on plants
as well as plant pathogenic bacteria because oftheir possible hannfiil affects on crops
(Andrews and Harris 2000). Since these projects only focused on commercially grown
plants, much ofthe knowledge of bacterial growth in the plant phyllosphere has been left
unknown. Similarly, the question ofseasonal differences in phyllosphere bacterial
growth has only focused on commercially grown plants due to agricultural interest and
even then there have been very few studies in that field (Wilson et al. 1999, Monier and
Lindow 2004, Ellis et al. 1999). Because most studies of the bacterial diversity of leaf
surfaces have dealt almost exclusively with commercially grown plants there is much
more to be learned about the microbial diversity of non-agricultural plants.
One plant whose phyllosphere has not been studied is Magnolia grandiflora^

or

the Southern magnolia. The Southern magnolia is native to subtropical climates and is
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particularly abundant in the southeastern United States. As far as the phyllosphere is
concerned the Southern magnolia presents an interesting study. The leaves of magnolias
are extremely broad which provide a large area for potential bacterial growth. A larger
area for bacterial growth may lead to a wider variety of microbes that colonize the
phyllosphere. The leaf of the Southern magnolia is also waxy and according to previous
studies, waxy leaves do not allow for a large amount of bacterial growth (Kinkel et al.
2000). However these studies only observed bacterial growth through standard culture
methods (Kinkel et al. 2000). Another factor that makes M grandiflora an interesting
phyllosphere enviromnent is that its leaves are evergreen. Since the Southern magnolia’s
leaves are evergreen, the phyllosphere may not change drastically throughout the year,
and more importantly leaves remain on the tree year round. With little change in the
leaves annually, the Southern magnolia presents itself as an ideal candidate for the study
of seasonal changes in the bacterial diversity ofthe phyllosphere.
This project examined the bacterial diversity ofthe M. grandiflora phyllosphere,
and the changes that occur within the phyllosphere seasonally. M. grandiflora leaves
were collected from the same tree in Oxford, MS at three-month intervals throughout
2008. The bacterial diversity of the leaves was examined using denaturing gradient gel
electrophoresis(DGGE)analysis of 16S rRN A genes to examine both leaf to leaf, and
season to season variability in phyllosphere community structure. Subsequent, DNA
sequence data was used to determine the identity of bacteria present in the plant
phyllosphere using non-culture methods.
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METHODS
Sample Collection
Leaves were collected fi*om a magnolia tree located off the Mary Bouie Museum
nature trail in Bailey Woods on the campus ofThe University of Mississippi, Oxford,
MS,an old growth forest that has been a part of the university since its chartering in 1844
(Brewer 2001). Leaves were collected on four dates in 2008, representing each season
(February 29, May 30, August 29, and December 15). The tree from which the leaves
were taken was a young Magnolia grandiflova and was selected because of its proximity
to other magnolias and the coverage that other larger trees provided for it. On each date,
six leaves were collected to allow enough for subsequent analyses with extra leaves to
allow for mistakes. Leaves of similar sizes were taken from central parts ofthe tree in
order to minimize outside influence on the leaves. The leaves were clipped where they
connected to the branch and immediately sealed in a sterile plastic bag. In order to not
contaminate the leaves, only the remaining portion ofthe stem was handled when placing
the leaf into the sterile sample bag. Leaves were collected on days in which there had
been no rainfall for approximately four days to minimize short-temi enviromnental
influences on the phyllosphere community.
Upon return to the laboratory, each leaf was weighed while inside of the bag and
then the bag was weighed. By subtracting the mass of the bag from the mass of the leaf
and the bag, the mass ofthe leaf could be determined. Examining the masses of each
leaf, the four leaves closest in mass to each other were selected for DNA extraction.
With all leaf sets, each leaf was labeled according to the month it was sampled and leaves
were numbered 1-4. Once selected for extraction, the leaves were cut into horizontal
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cross sections and placed into sterile 50 ml centrifuge tubes and labeled according to their
number and month. 15 ml of DNA extraction buffer was then added to each sample with
a pipette, and the samples were then stored at -20 °C until processing. The DNA
extraction buffer was composed of 100 mM Tris-HCL pH 8.0, 100 mM sodium EDTA
pH 8.0, 100 mM sodium phosphate ph 8.0, 1.5 M NaCl, and 1% CTAB(Zhou 1996).

DNA extraction
Samples were thawed and 0.225g oflysozyme was added to each tube. The tubes
were then shaken in an incubator for 30 min at 37 °C. After shaking, 100 ml of 10
mg/mL Proteinase K was added to each sample and once again shaken for 30 minutes at
37 "C. Extractions were then frozen for up to 5 days prior to the subsequent steps.
Samples were thawed and 1.5 mL of20% sodium dodecyl sulfate(SDS)was added to
each sample. The samples were then incubated at 65 ”C for 2 h, and inverted every 20
min to mix the samples. The liquid was then decanted from the sample tubes into a new
50 ml centrifuge tube, and the tubes in which the leaves remained were frozen. The
liquid samples were then centrifuged at 6000 xg for 10 min. The supernatant from each
sample was decanted into a new tube, making sure that no solid matter flowed into the
new tube. Equal volumes of chloroform were added to each new liquid sample, and the
samples were again centrifuged at 6000 xg for ten minutes. The upper phase of each
sample was pipetted into a separate vial. Once separated into vials, 0.6 volumes of
isopropanol were added to each, and the vials then sat for two hours. After sitting, the
samples were centrifuged for 30 min at 8,000 xg. The supernatant of each sample was
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then poured off, and 2-3mL of70% ethanol was then added to each pellet and the
samples were then centrifuged for a short time, no more than five minutes, at 8,000 xg.
The ethanol was then removed from the sample via pipette and the precipitate was
allowed to dry over night. Once dry, pellets were resuspended in 500 pL TE buffer.
Following the extraction procedure, DNA yield was examined by agarose gel
electrophoresis.

16S rRNA gene amplification
Using diluted and undiluted samples ofthe DNA extractions, a PCR was run
using Bac8f and Univl492r primers. Bac8f is a Bacteria specific primer(5’AGAGTTTGATCCTGGCTCAG-3’)and Univl492r is a universal primer (5’GGTTACCTTGTTACGACTT-3’)(Jackson et al. 2001). In preparing the PCR,a PCR
solution ofPCR water, Taq Buffer, deoxynucleotide triphospates(dNTP), Bac 8 and
1492 primers, and Taq polymerase was added to PCR tubes which each contained 2 pL
of a sample. Once the solutions for PCR were prepared, the samples were placed in the
“MyCycler" Thenno Cycler(Bio-Rad, Hercules, CA,USA)and run at a modified setting
(Jackson et al. 2001) consisting of2 min at 95°C,followed by 26 cycles of95°C (1 min),
45°C (1 min), 72°C(2 min), and a final 7 min at 72°C. Once the PCR was complete, the
amplification of DNA was confinned through gel electrophoresis. Once samples were
successfully amplified primers and unincorporated nucleotides were removed using
Millipore Montage spin columns. These also concentrated the product down to 15-20 pL.
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Concentrated amplified 8-1492 fragments were then used as the templates in a
second set of amplifications using Bac 1070 and Univl392GC primers. Bacl070f(5’ATGGCTGTCGTCAGCT-3’)is a bacterial primer and Univl392GC (5’ACGGGCGGTGTGTAC-3’ with an additional 40 base GC clamp)is a universal primer
(Ferris et. al 1996 [Jackson et al. 2001]). This PCR uses the same PCR solution that was
previously described, except that this PCR uses Bacl070f and Univl392GC primers. The
reaction was again perfonned on a “MyCycler” Thermo Cycler(Bio-Rad, Hercules, CA,
USA)PCR System using a modified version of a previous program (Jackson et al. 2001):
2 min at 95°C, followed by 26 cycles of95°C(30 s), 43°C(30 s), 72°C(45 s), and a final
7 min at 72°C. Upon completion of Bac 1070- Univ 1392 PCR,the samples were run
through gel electrophoresis to see if the amplification of DNA was successful. Once
samples had successfully been amplified, they were again concentrated and cleaned up
using Millipore Montage spin columns to remove primers and unincorporated
nucleotides.

Denaturing gradient gel electrophoresis(DGGE)
The concentrated products of the Bacl070f- Univl392GC PCR were examined
using denaturing gradient gel electrophoresis(DGGE). These samples were
electrophoresed through a 40-70% urea-fonnamide gradient in an 8% acrylamide gel at
83V and 60 *’C for 18 h. The gel was then stained with SYBR green (Bio-Rad). The gel
was examined under UV transillumination with a SYBR gi*een filter and banding patterns
were observed (Jackson et al. 2001). Two separate gels were run using these methods: a
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gel containing February and May samples and another containing August and December
samples. Each gel also contained samples of DNA amplified from Escherichia coli and
Staphylococcus aureus that ser\^ed as positive tests and references. Further analysis of
the banding patterns found on the gel was provided by Kodak Molecular Imaging
Software, which aligned the lanes of the gel and provided the exact location of each band.
The banding patterns of each lane were converted to binary data that indicated the
presence or absence of specific bands. This binary DGGE data was analyzed using
Gingko/VegAna software(Department of Vegetal Biology, University of Barcelona).
Jaccard similarity, cluster analysis and multidimensional scaling were all techniques this
software used to analyze the binary data from each gel.

Cloning
After transillumination of the DGGE gel, samples that appeared the strongest
(Feb 1, May3, Aug3, Dec2) were selected for further analysis through cloning. The
columned Bac8f-Univl392GC products ofthese samples were inserted into cloning
vectors using a TOPO TA cloning kit(Invitrogen, Carlsbad, CA, USA). Plates of
LB+Kanamycin (0.05mg Kan/mL) were prepared along with an X-gal solution
(40mg/mL)in dimethylformamide. After warming the LB+Kan plates in an incubator for
30 min,40pL of X-gal was spread on each plate. Using E. coli cells that had been
transfonned with the columned PCR DNA,50pL of these cells were spread on each
LB+Kan plate that had just been incubated. LB+Kan plates were stored overnight at
37'*C. The next day, the gi'owth on the LB+Kan plates was observed. White colony
gi'owth indicated transfonned cells, while blue colonies had failed to take up DNA. The
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white colonies were then transferred to other plates using sterile toothpicks. Using this
method a clone library of96 colonies was created for each sample(Febl, May3, Aug3,
Dec2), incubated at 37‘'C for 24h, and refrigerated until sequencing.

DNA Sequencing
Due to the time constraints of this project only the clone library ofthe Febl
sample could be sent off for commercial sequencing at Functional Biosciences(Madison,
Wisconsin). Once sequenced, Functional Biosciences sent a downloadable version ofthe
data. This data was analyzed using FinchTV (Geospiza, Inc.), and any possible DNA
sequence errors were deleted. In editing each DNA sequence, new start and end points
for the DNA were manually defined. Once edited, files of each clones’ sequence data
were saved in the form of a fasta file so that that could be later used in the Basic Local
Alignment Search Tool (BLAST). Manually defined gene sequences typically resulted in
files that were 500-700 base pairs long. These fasta files of clone sequence data were
uploaded to the BLAST of the National Center for Biotechnology Information(NCBI)
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). Using this BLAST the identity of each
clone was detennined by finding archived sequences most similar to that of the clone.
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RESULTS

DNA Extraction and Amplification of 16S rRNA
Agarose gel electrophoresis showed that DNA was successfully extracted from all
leaf samples, however the quantities of DNA present in each sample varied as evidenced
by sample brightness when subjected to UV transillumination. When the extractions were
subjected to PCR with Bac8 - 1492 and BaclOTO - 1392GC primers, each sample
showed amplification of DNA,although, some samples amplified more than others(Fig
1). The brighter a sample showed under UV transillumination the more that sample
amplified when subjected to the specific primers.

Examination of community structure via DGGE
Amplified 1070-1392GC samples were subjected to DGGE,and results were
visible under UV transillumination with SYBR green staining (Figures 2 and 3). For all
leaf sets, samples’ banding patterns were most similar to those within their data set, but
there also were common bands present between data sets. Using DGGE binary (presenceabsence of each band) data, leaves from each DGGE were compared with one another
and showed similarities between leaves fractionally (Tables la and lb). Binary DGGE
data showed through cluster analysis that each leaf set separated from other sets, and
leaves also separated within their own set with some leaves more similar to others
(Figures 4a and 4b). In the February data set, leaves 1 and 4 grouped together and 2 and
3 were grouped together. The May data set showed leaves 1,2, and 4 grouping together
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Fig. I - Agarose gel electrophoresis with clear amplification of I6S rRNA with Bac 1070
- 1392 GC pnmers in DNA taken from the whole phyllosphere of Magnolia grandiflora
in February and May 2008 along with a positive (genomic DNA from E. coli) and
negative (no template DNA)controls. Numbers indicate four replicate leaves sampled on
each date.
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Fig. 2 — DGGF of February and May 2008 samples of Ihe phyllosphere of M.
^ranJiflora. A fragment of the DNA coding for 16S rRNA was amplified and different
fragments of various amplified rRNA sequences separate when run through DGGE.
Fragments illuminate under UV transillumination and show bands in the gel. Sets show
some commonalities between sets and even more common bands within each set. Bands
represent amplified 16S rRNA fragments of different bacteria, thus similarities between
bands reilects similarities in bacterial communities.

J

December (1.23.4)

I-'ig. 3 - DGGE of August and December 2008 samples of the phyllosphere of M
^randijlora. A fragment of the DNA coding for 16S rRNA was amplified and diflerenl
IVagments of \ arious amplified rRNA sequences separate when run through DGGE.
Fragments illuminate under UV transillumination and show bands in the gel. Sets showsome commonalities between sets and even more common bands within each set. Here,
samples in the December set look nearly identical to each other. Bands represent
amplified 16S rRNA fragments of various bacteria, thus similarities betw/een bands
rellects similarities in bacterial communities.
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Tabic 1 a - Similarities between DGGE banding patterns on leaves from Feb and May
2008 samples. The data was produced from binary DGGE data and uses fractions to
compare leaf similarity. The binary data signified either the presence or absence of a
particular band at a specific location in the gel. Using the binary data, samples were
compared on the basis of what bands they shared and thus a comparison of how similar
each sample was could be formulated. Higher numbers indicate a higher degree of
similarity.
Similarity
1-Fcb
2-Feb
3-Fcb
4-Feb
1-May
2-May
3-May
4-May

1-Feb
1
0.545
0.609
0.609
0.125
0.138
0.226
0.16

2-Feb

3-Feb

4-Feb

1-May

2-May

3-May

4-May

1
0.762
0.609
0.241
0.269
0.31
0.208

1
0.6
0.182
0.2
0.281
0.185

1
0.219
0.2
0.281
0.185

1
0.667
0.379
0.476

1
0.48
0.647

1
0.375

1

Table lb - Similarities between DGGE banding patterns on leaves from Aug and Dec
2008 samples. The data was produced from binary DGGE data and uses fractions to
compare leaf similarity. For each sample binary data signified either the presence or
absence of a particular band at a specific location in the gel. Using the binary data,
samples were compared on the basis of what bands they shared and thus a comparison of
how similar each sample was could be formulated. Higher numbers indicate a higher
degree of similarity.

Similarity
1-Aug
2-Aug
3-Aug
4-Aug
1-Dec
2-Dec
3-Dec
4-Dec

1-Aug
1
0.467
0.429
0.441
0.412
0.35
0.385
0.368

2-Aug

3-Aug

4-Aug

1-Dec

2-Dec

3-Dec

1
0.562
0.581
0.297
0.317
0.317
0.333

1
0.486
0.317
0.333
0.395
0.381

1
0.432
0.372
0.405
0.425

1
0.657
0.758
0.75

1
0.73
0.771

1
0.879
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4-Dec

Feb 1
Feb 4
Feb 2
Feb 3
May 1
May 2
May 4
May 3
Fig. 4a -May and February 2008 leaves are significantly different, and some leaves
within each set are more similar than others based on data provided by Cluster analysis.
Binary data based on the presence or absence of specific bands in a DGGE of May and
Februar>' 2008 samples was used in this cluster analysis. Using the binary data, the
cluster analysis was able to compare each leaf separately and depict differences and
similarities in leaves through branching.

Aug 1
Aug 2
Aug 4
Aug 3
Dec 1
Dec 3
Dec 4
Dec 2

Fig. 4b -August and December 2008 leaves are significantly different, and some leaves
within each set are more similar than others based on data provided through cluster
analysis. Binary data based on the presence or absence of specific bands in a DGGE of
August and December 2008 samples was used in this cluster analysis. Using the binary
data, the cluster analysis was able to compare each leaf sepai*ately and depict differences
and similarities in leaves through branching.
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and leaf 3 branched off by itself August data showed leaf one branching by itself and
leaves 2,3, and 4 grouping in another branch. The December leaves showed leaves 1,3,
and 4 grouping in one branch, while leaf2 branched by itself Multidimensional scaling
(MDS)of DGGE binary data shows that leaf sets are very different from each other,
while leaves within a set are similar in that different sets grouped far apart, but leaves
within a set grouped tightly (Figures 5a and 5b). The December leaf set grouped most
tightly, while August leaves were most spread out, however leaves from different sets
still remained furthest apart.

Sequence analysis of a representative leaf
In examining the sequence data of the February 2008 sample clones, the identity
of many of the bacteria present on the leaves was detennined. The sequences of96
clones were examined and edited, and 85 ofthose clones had usable sequences. When
clones were identified their locus, source, and taxonomical classification were all
recorded (Table 2). These categories provide specific information about the identity of
the gene sequence. In identifying the clones it was found that 37 of the samples were
from the phylum Proteobacteria and the class Alphaproteobacteria,three in phylum
Acidobacteria with two of those from class Acidobacteriales and one in an unknown
class, nine in phylum Actinobacteria and class Actinobacteridae, one in phylum
Firmicutes and class Bacillales, six in phylum Bacteroidetes and class Sphingobacteria,
one in VeiTucomicrobia and class Spartobacteria, two unclassified bacteria that are found
in environmental samples, and 26 were found to be chloroplasts (Table 3). There were

19

f
I

\

I

♦♦

Ma\ (1.2.3.4)

Feb (1.2.3,4)

\

♦
♦
♦ ♦

\
/

I

Fig. 5a - Similarities of Feb and May 2008 leaves plotted in a graph using
multidimensional scaling analysis(MDS). An MDS for Feb and May 2008 samples was
created using binary data from a May and Feb 2008 DGGE. The binary data reflected
either the presence or absence of a specific band within each sample. Using the binary
data. MDS de\eloped a chart based on the similai'ity of each samples banding patterns.
t

Dec (1,2,3,4)

Aug (1.2,3,4)
I

«

\
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Fig. 5b - Similarities of Aug and Dec 2008 leaves plotted in a graph using
multidimensional scaling analysis(MDS). An MDS for Aug and Dec 2008 samples was
created using binary data from a Aug and Dec 2008 DGGE. The binary data reflected
either the presence or absence of a specific band within each sample. Using the binary
data, MDS developed a chart based on the similarity of each samples banding patterns.
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85 clones that were found in 6 different phyla and classes as well as some chloroplasts
and unidentified specimens. The percentage of bacteria identified in the following phyla
were: Proteobacteria (44%), Acidobacteria(4%), Actinobacteria(11%), Firmicutes
(1 %), Verrucomicrobia (1 %), and Bacteroidetes(7%). It was also identified that some of
the 16sRN A that was cloned came from plant chloroplasts; this along with several
unidentifiable bacteria comprised the rest of the sequenced data.
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Tabic 2 - Identity ofbacterial populations in the FebI sample ofMagnolia grandiflora
phyllosphcre as determined from sequencing of I6S rRNA genes in a clone library.
Identity \\ as detemiined by BLAST searches to sequences already in GenBank. The
locus, source and taxonomic classification identified by BLAST were recorded in the
following table.
LOCUS

SOURCE

AY683046

Mcfhvlohactchum
onzac

CLASSIFICATION
Bacteria: Proteobacteria: Alphaproteobacteria; Rhizobiales;
Metliylobacteriaceae; Methylobacterium.

DQ887676
CP001280

chloroplast Drimys
^ranaciensis
Mcthylocclla
silvestris

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Beijerinckiaceae; Methylocella.

CP001280

Mcthylocclla
silvestris

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Beijerinckiaceae; Methylocella.

CP001016

Bcijcrinckia imlica

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Beijerinckiaceae; Beijerinckia.

AF498733

bacterium Elliii351

Bacteria; Acidobacteria; Acidobacteriales; Acidobacteriaceae

Methylobacterium

AB252202 pcrsicimim

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Methylobacteriaceae; Methylobacterium.

DQ887676
EU379243

chloroplast Drimys
gramulcnsis
Taxcobacter

Bacteria; Bacteroidetes; Sphingobacteria; Sphingobacteriales;
Flexibacteraceae; Hymenobacter

Y18838

Taxcobacter
occllatus

Bacteria; Bacteroidetes; Sphingobacteria; Sphingobacteriales;
Flexibacteraceae; Hymenobacter.

Methylobacterium

AB252202 pcrsicinum

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Metliylobacteriaceae; Methylobacterium.

DQ409140

Rothia
mucilaginosa

EF015478

MetIn lobacterium
aquamaris

AB252207

Methylobacterium
brachiatum

Y09637

Sphingomonas
pruni

Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales;
Micrococcineae; Micrococcaceae; Rothia.
Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Methylobacteriaceae; Methylobacterium.
Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Methylobacteriaceae; Methylobacterium.
Bacteria; Proteobacteria; Alphaproteobacteria; Sphingomonadales;
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Sphingomonadaceae; Sphingomonas.

DQ887676

chloroplast Drimys
^ramuicnsis

AB365794

Sph ingomonas
oUilophcnolica

ABl 19200

Bcijcrinckici
mohilis

Bacteria: Proteobacteria; Alphaproteobacteria; Sphingomonadales;
Sphingomonadaceae: Sphingomonas.
Bacteria: Proteobacteria: Alphaproteobacteria; Rhizobiales:
Beijerinckiaceae; Beijerinckia.

Mcthylosimis

AJ431385

thchosporiiim

Bacteria: Proteobacteria; Alphaproteobacteria; Rhizobiales;
Metliylocystaceae; Methylosinus.

A Icthylohacfchum

AB252201

komagatae

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Metliylobacteriaceae; Methylobacterium.

Mcthylobactcrium

AB252201

komagatac

CPOOlOOl

Mcthylobacterium
radiotolcrans JCM
2831

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Methylobacteriaceae; Methylobacterium.

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Methylobacteriaceae; Methylobacterium.

DQ887676

chloroplast Drimys
gramuicnsis

DQ073476

Chloroplast
transfonnation
vector

DQ887676

chloroplast Drimys
grauadensis

DQ887676

chloroplast Drimys
granadcnsis
Methylobacterium

EF015478

ac/uamaris

AB245339

Acidobacteriaceae
bacterium Gsoil
149

DQ887676

chloroplast Drimys
granadcnsis

AY642051

Propionibacterium
acnes

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Methylobacteriaceae; Methylobacterium.

Bacteria; Acidobacteria; Acidobacteriales; Acidobacteriaceae.

Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales;
Propionibacterineae; Propionibacteriaceae; Propionibaeterium.

DQ887676

chloroplast Drimys
granadcnsis

CP001280

Methylocella
silvestris BL2

CP001280

Methylocella
silvestris BL2

Bacteria; Proteobacteria; Alphaproteobacteria; Rliizobiales;
Beijerinckiaceae; Methylocella.
Bacteria; Proteobacteria; Alphaproteobacteria; Rliizobiales;
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Beijerinckiaceae; Methvlocella.

AB042291

Propionihactcrium
acncs

EU 167952

Sovosphin^ohium
pcntaromativorans

AY587229

Acidobacteriaceae
bacterium TAA48

Bacteria: Acidobacteria; Acidobacteriales: Acidobacteriaceae

EF592610

Propionihactcrium
acncs

Bacteria: Actinobacteria: Actinobacteridae; Actinomycetales;

EU998740

chloroplast Pinus
contorta (lodgepole
pine)

Bacteria: Actinobacteria; Actinobacteridae; Actinomycetales;
Propionibacterineae; Propionibacteriaceae; Propionibacterium.
Bacteria: Proteobacteria: Alphaproteobacteria: Sphingomonadales;
Sphingomonadaceae: Novosphingohium

Propionibacterineae; Propionibacteriaceae; Propionibacterium.

DQ887676
AJ431385

cliloroplast Drimvs
}^rana(/cnsis
Afethylosinus
trichosporium

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Metliylocystaceae; Methvlosinus.

DQ887676
AF505513

chloroplast Drimvs
gra/uuiensis
Ciyocola antiquus

Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales;
Micrococcineae; Microbacteriaceae; Oyocola.

AY388649

chloroplast Drimys
granadensis
Chthoniobacter
flavus Ellin428

Bacteria; Verrucomicrobia; Spartobacteria; Chthoniobacter.

CP000697

AcidiphiHum
cryptum JF-5

Bacteria; Proteobacteria; Alphaproteobacteria; Rhodospirillales;

DQ887676

Acetobacteraceae; AcidiphiHum.

AGU87784

genosp. 13

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Bradyrhizobiaceae; Afipia.

EF592610

Propionibacterium
acncs

AB304089

Tanticharocnia
sakact atensis

Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales;
Propionibacterineae; Propionibacteriaceae; Propionibacterium.
Bacteria; Proteobacteria; Alphaproteobacteria; Rhodospirillales;
Acetobacteraceae; Tanticharocnia.

AM490403

Mucilaginibacter
gracilis

Bacteria; Bacteroidetes; Sphingobacteria: Sphingobacteriales;
Sphingobacteriaceae; Mucilaginihacter.

DQ887676

chloroplast Drimys
granadensis

DQ887676

chloroplast Drimys
granadensis
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DQ887676

chloroplast Drirnys
yramiilcnsis

AJ563926

pulustris

Mcthylocclla
Bacteria; Proteobacteria: Alphaproteobacteria; Rhizobiales;
Beijerinckiaceae; Methylocella.
Rhizobiales

DQ490355

bacterium KVD1959-05

Bacteria: Proteobacteria: Alphaproteobacteria; Rhizobiales.

Mcthylocapsa

AJ278726

aciJiphila B2

EU379243

Ilvnicnohacter sp.
IN-12

EU379243

Hvmcnohactcr sp.
lN-12

Bacteria: Proteobacteria; Alphaproteobacteria: Rhizobiales:
Beijerinckiaceae: Methylocapsa.
Bacteria: Bacteroidetes; Sphingobacteria; Spliingobacteriales;
Flexibacteraceae; Hymenobacter.
Bacteria: Bacteroidetes; Sphingobacteria; Spliingobacteriales:
Flexibacteraceae: Hvmenobacter.

AM229669

Sphin^omonas
niiicosissima

Bacteria: Proteobacteria: Alphaproteobacteria: Sphingomonadales;
Sphingomonadaceae; Splungomonas.

Rhizobiales
bacterium KVD-

DQ49Q356
DQ887676
EU122584
DQ887676
EF519867

unk-09

Bacteria; Proteobacteria: Alphaproteobacteria: Rhizobiales.

chloroplast Drirnys
i^ramuk’nsis
uncultured
Acidobacteria
bacterium

Bacteria; Acidobacteria; environmental samples.

chloroplast Drirnys
granadeijsis
Ronia tepuiophila

Bacteria; Proteobacteria; Alphaproteobacteria: -/gQ/na.

EF466129

Lcifsonia
khbhcnsis

Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales;

AY494632

uncultured alpha
proteobacterium

AJ563928

hlcthylocelUi
tuudrac

Micrococcineae; Microbacteriaceae; Leifsonia.
Bacteria: Proteobacteria; Alphaproteobacteria; environmental
samples.
Bacteria: Proteobacteria; Alphaproteobacteria; Rliizobiales;
Beijerinckiaceae; Methylocella.

DQOl 1529

Porphyrobacter
Jokdonensis

AB251884

Hymenobacter soli

AJ563928

Methylocella
timc/rae

Bacteria; Proteobacteria; Alphaproteobacteria; Sphingomonadales;
Erythrobacteraceae; Porphyrobacter.
Bacteria: Bacteroidetes; Sphingobacteria: Spliingobacteriales:
Flexibacteraceae; Hymenobacter.
Bacteria; Proteobacteria: Alphaproteobacteria: Rhizobiales:
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Beijerinckiaceae; Metliylocella.

DQ887676

chloroplast Drimys
yramuicnsis
.\Icrh \iohaclcrium

AB252202

pcrsicinum

Bacteria: Proteobacteria; Alphaproteobacteria; Rhizobiales;
Mcthylobacteriaccae:Me//n7oj?flc/g/7f/ffl.

DQ887676

chloroplast Drimys
<^ranaJcnsis

DQ887676

chloroplast Drimys
ijranddcnsis

DQ887676
AEO17283

chloroplast Drimys
yriimuicnsis
Propionihaclcrium
acncs KPA171202

Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales;
Propionibacterineae; Propionibacteriaceae; Propionibacterium.

CP001016

Bcijcrinckia iudica

AE017283

Propionibacterium
acncs KPA171202

Bacteria: Proteobacteria; Alphaproteobacteria: Rhizobiales;
Beijerinckiaceae; Beijerinckia.
Bacteria; Actinobacteria; Actinobacteridae; Actinomycetales;
Propionibacterineae: Propionibacteriaceae; Propionibacterium.

DQ887676

chloroplast Drimys
granadensis

Y13065

Bacillus circulans

Bacteria; Firmicutes; Bacillales; Bacillaceae; Bacillus.

AJ563929

McthyloccUa
tundrac

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales;
Beijerinckiaceae; Metliylocella.

DQ887676

chloroplast Drimys
granadensis

ABl 19200

chloroplast Drimys
granadensis
Beijerinckia
m ohHis

EU438872

uncultured
bacterium

Bacteria; environmental samples

EU438872

uncultured
bacterium

Bacteria; environmental samples

DQ887676

Bacteria; Proteobacteria; Alphaproteobacteria; Rliizobiales;
Beijerinckiaceae; Beijerinckia
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Table 3 — A numeric breakdown of identified clones by phylum and class as well as those
that are unknown or chloroplasts. Using the taxonomic classification provided through
the identification in BLAST,the phylum and class of each identified clone was observed
and counted.

Phylum
Proteobactcria
Acidobacteria
Actinobacteria
Firmicutes
Bacteroidetes
V errucom i crobia
Unknown
Chloroplast

# of clones
37
3
9
1
6
1
9

Class

# of clones
37
Alphaproteobacteria
Acidobacteriales
2
Actinobacteridae
9
1
Bacillales
6
Sphingobacteria
1
Spartobacteria
3
Unknown
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DISCUSSION
The Afcii^nolia <^ram1iflora leaves used in this study were taken from Bailey
Woods, a mature forest (approximately 20 ha) that is managed by the University of
Mississippi (Brewer 2001). These woods have been part ofthe University of Mississippi
sinee its ehartering in 1844, and residents of the area claim that the woods have never
been eut (Sansing, 1999). These woods have an interesting history in that part ofthe land
was ow ned by William Faulkner and his family. Faulkner even makes references about
exploring the woods as a ehild (Lawrence and Hise 1993). There are also signs of human
interaction w ith the woods in that part of tlie woods have been cleared to make a trail, and
there is also a dirt road leading up to the woods but it has been abandoned since the
1950’s (Brew-er 2001). In addition to some human involvement with the woods, cows
grazed in the woods as late as 1962(Lawrence and Hise 1993). The woods have not
experienced a fire for at least 70 years, and many local residents suggest that the forest
has never experienced a fire (Brew'er 2001). The history of Bailey woods provides a
unique environment to study since although it is within the City of Oxford it has had little
human interaction and has never had any significant changes. Since the woods have
remained unchanged for such a long time, and human impact upon the woods seems
minimal, natural grow'th conditions can be found within these woods.
Magnolia grandiflora comprises just a small portion ofthe tree population within
Bailey Woods. An earlier study showed that the M. grandiflora made up less than 2% of
the tree population within the woods(Brewer 2001). The relative scarcity of this species
within such a large wooded area suggests that the specimens found in these woods have
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found a w ay to grow in less than ideal conditions for its species, or that something in this
particular en\ ironment is detrimental to the growth of this species. The small population
of M. i^ranciiflora in this area is scattered throughout the woods in small clusters and is a
part of the forest understory.
The trees studied in this e.xperiment were significantly younger than surrounding
trees, so their presence in a mature forest may have allowed for them to be protected from
extreme variation in environmental conditions. While the presence ofover six major
groups of bacteria in the phyllosphere of tlie given samples suggests that the leaves
express a fair amount of microbial biodiversity, the fact that that the particular tree
sampled w as covered by older trees might limit its biodiversity. Coverage by older trees
limits the plants full exposure to environmental conditions such as sunlight and
precipitation. Without full exposure to these environmental factors, the diversity of
microbes able to grow in the plant phyllosphere may have been limited. Since these trees
are not allow'ed full environmental exposure they may experience less environmental
variation and thus a low'er degree of biodiversity. However, the limited amounts of
sunlight and precipitation that this tree may have received could have contributed to the
biodiversity of the phyllosphere by protecting the plant from the full force ofthe
environment and thus creating a less harsh habitat for bacteria.
The physical characteristics of the M. graudiflora leaves may also have been a
limiting factor in phyllosphere microbial growth and diversity. In previous studies of
microbial grow'th in plant phyllospheres, waxy leaves have been shown to allow only
limited bacterial growth (Kinkel et. al 2000). The fact that waxy leaves readily repel
water may provide a less suitable environment for bacterial growth. Without water
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retention on tlie surtaee of the leaf, bacteria may not be able settle on leaves, or obtain
nceessar\’ nutrients to sur\ i\ e. Since M. grandiflora leaves are highly waxy, they may
not be able to support a wide variety of microbial growth. The difficult environment that
the waxy leal'surface pro\es to be may lend itself to specific species of bacteria growing
on lea\ es and may explain the similarities in what bacteria were found on the leaves.
DGGE profiles of the leaves sampled in different seasons clearly shows that there
are similarities in the phyllosphere communities present at different times of the year.
The similarity between all months may be contributed to tlie fact that magnolia leaves
only allow for limited growth due to their waxy leaf surface (Kinkel et al. 2000). The
harsh environment of the leaf phyllosphere limits the ability of bacterial growth and may
suggest that those bacteria that are present are specialized for that particular surface. The
presence of only specialized bacteria on the leaves would lead to similarities between all
leaves, since bacterial growth would not be random but rather selected to grow in that
particular environment. Another factor contributing to the similarities between leave
shown on DGGE may be that some of the fragments that amplified were from chloroplast
1 6s rRN A. Chloroplasts have their own DNA that is very similar to bacterial DNA,since
chloroplasts were once ancestors of free-living cyanobacteria, but overtime became
endosymbionts (Martin et al. 2002). Because of this, the chloroplast genome is similar to
some bacterial genomes and thus would amplify with the primers used in this study.
Since all leaves contain chloroplasts, it is possible that in the extraction process
chloroplast DNA was extracted and later amplified under bacterial primers and
illuminated in all specimens in the DGGE.
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DCjGI£ also show cd that the bands of replicate leaves collected during one season
were more similar to each other than to leaves collected during different seasons. These
banding patterns sht>w a seasonal variation in phyllosphere community structure. The
many similar fragments amongst leaves of the same season, shows that the 16S rRNA
portion of the genome of sc\ eral bacteria amplified and produced similar bands between
leaves. The seasonal changes in the microbial diversity of Magnolia grandijlora
phyllosphere may be due to differing environmental conditions throughout the year.
Variation in temperature, precipitation, and leaf size would all factor into what and how
many bacteria might be able to grow on the leaf surface. Throughout the year the
environment surrounding the magnolia leaves changes due to changes in the trees
suiTounding them. Almost of the trees surrounding the specimens surrounding the
specimens are deciduous. These trees provide cover for the magnolia leaves in Spring
and Summer months when leaves on the trees are present, but this cover for the leaves
disappears in Fall and Winter months when the trees have lost their leaves. Changes in
leaf coverage cause changes in the amount of precipitation that the leaves encounter as
well as the amount of direct sunlight. In seasons where foliage is present on surrounding
trees, less direct sunlight and precipitation come in contact with the magnolia leaves than
in seasons where foliage is not present on surrounding trees. These changes likely
provide a different phyllosphere environment and thus promote the growth of different
bacterial populations.
The binary data from each DGGE allowed for cluster and MDS plots to be
developed using Ginkgo software. The cluster analysis showed how each leaves fi’om
different seasons branched from another as well as each leaf collected within a season
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had its own branch within its set. Not only did this cluster plot further demonstrate how
sets of lea\ es \\ ere different from each other, but it also showed how similar each leaf
was to the others within its group. Showing that some leaves were more similar than
others within a seasonal set. rex ealed that even within a season there are factors that lead
to some \ ariation between leaves. These factors may have to do with positioning on the
tree. If a tree is co\ ered up by other leaves on a tree or conversely has little protection
from other lea\ es. the ph\ilosphere environment from that leaf would prove to be very
different. While these effects were attempted to be controlled through selecting leaves
from approximately the same level on the tree, it is impossible to sample leaves from
locations that ha\ e identical environments at the microscale. Although cluster analysis
showed some leaves within a set to be more similar to certain leaves within that set, the
differences between lea\ es within a set were minimal when compared with another set.
Similarity scores eonfimi the faet that leaves within a set differ much less when
compared to each other than when compared to leaves of other sets. Since leaves differed
most from leaves of other seasons, it shows that most differences in phyllosphere
microbial diversity are largely based on seasonal changes rather than factors such as
sample location on the tree.
Following MDS,the December samples grouped most tightly together while the
August samples spread out the most, and the February and May samples fell in between
these extremes. The tight grouping of the December samples shows that this gi'oup of
leaves was most similar to each other, while the August samples had the most variation
amongst them. The reason that the December samples were most similar to each other
maybe that winter conditions may not allow for as wide of a variety of bacterial life to
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grow on the leaf suii'acc. A limited number of species able to grow in this season would
produee more similar grow th betw een leaves because there would be less opportunity for
variation. C\>n\ ersely. the wann weather and prolonged daylight during the August
sampling ereate an ideal environment for a wide variety of bacterial growth. With a wide
N'ariety of bacteria able to llourish under these conditions, the opportunity for more
diverse microbial communities to be established is much greater.
T hrough 16S rRN A gene sequencing of a February sample, the identity ofsome
of the bacterial populations found on the leaf surface was able to be determined. The
results of the DNA sequencing and subsequent BLAST ofthe data identified bacteria in
six major classes or phyla. The most prevalent of these bacteria were those in the phyla
Proteobacteria, more specitically the Alphaproteobacteria. The Alphaproteobacteria are
often the most pre\ alent bacteria on the surface of plants(Andrews and Harris 2000), and
made up 44% of the sequences identified in tlie February sample. Furthermore the
majority of the Alphaproteobacteria found on the leaf were identified as Methylobacteria,
which are thought to have a symbiotic relationship with plant surfaces by releasing
cytokinins, wdiieh promote plant growth (Holland 1997). The presence ofthese
Methylobacteria and their function as a promoter of plant growth suggests an integral
relationship between the plant and the bacteria that are able to grow in its phyllosphere.
The increased number of Methylobacteria in the phyllosphere further suggests that the
phyllosphere environment selects for the bacteria that are important to the trees survival.
The next most populous phylum and class identified were Bacteroidetes and
Sphingobaetcria respectively, comprising 12% of identified IbSrRNA sequences.
Sphingobactcria are commonly found in soils where they degrade cellulose and pectin
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(Prescott ct al 2005). These bacteria found on the surface ofthe plant poses a problem
ftir the plant in that they may degrade the leaf itself. Considering the leaves showed no
apparent ad\ erse effects from this microbe being present on its leaves, the bacteria must
ha\ e found anculier source of pectin or cellulose, or magnolia leaves maybe in some way
resistant to degradation by this microbe because of its thick waxy composition.
Howe\ er. this bacteria may ha\ e been present and helped the plant if tlie cellulose
digested by the microbe were an acceptable loss for the plant or ifthe bacteria merely
remoN cd dead plant cells.
Ani^ther phylum and class of bacteria found on the surface of the February
samples v\ as Aetinobacteria. Actinobacteria are found in soil and degrade and mineralize
organic matter, this mineralization of organic matter may prove beneficial to the plant
(Prescott et al 2005). Actinobacteria have been found in the phyllosphere of several other
plants, for example the resun ection fern (Jackson et al. 2006) and potato plants(Behrendt
et al. 2008).
A small portion of the bacteria identified came from the phylum Acidobacteria.
These bacteria are found in a variety of soils and it is believed that they hold ecological
significance (Quaiser et al. 2003). Very little is known about Acidobacteria as they have
few cultured representatives, but since they are found in so many soils it is assumed they
have important roles in natural ecosystems. The Acidobacteria can also survive through a
variety of metabolic pathways and thus may have been able to adapt to survival on the
leaf surface (Quaiser et al. 2003). Acidobacteria have been found in the phyllosphere of
the resuiTcction fern (Jackson et al. 2006) and in the phyllosphere ofseveral other plants
when .studying contaminated inigation (Ibekwe and Grieve 2004).
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Tw o otlicr phyla w cre identified in very small amounts, Verrucomicrobia and
Finnicutes. X'errucomicrobia are prevalent in various types of soil, thus suggesting an
ability to grow in a \ ariety of en\ ironments and also a possible ecological significance
much like Acidohacteria (O'Farrell and Janssen 1999). Firmicutes are often found in
marine cn\ irt>nments, but may produce spores in soils (Prescott et al. 2005). Their ability
to prt)ducc sptues w ould allow these bacteria to be found outside ofits normal
environment and sur\ i\ e under unique and potentially harsh conditions, such as those
encountered in the phyllosphere. The presence of these phyla of bacteria reflects the
diversity of microbes that are able to sur\dve in tlie magnolia phyllosphere.
Many of the bacteria identified seemed to be found primarily in soil samples.
These bacteria may ha\ e amved on the leaf surface by wind or precipitation and may
have settled on the leaf because of its favorable environment. The Actinobacteria and
Sphingobacteria are found in soil and degrade organic compounds and thus the surface of
a leaf w'ould pro\ ide plenty of resources for these microbes to survive even outside of
their typical en\ ironment. Acidohacteria and Verrucomicrobia are also found in a wide
variety of soils, which suggests they are capable of surviving in various environments and
thus might be able to sustain life on the leaf surface.
The seasonal changes in microbial diversity in the phyllosphere ofMagnolia
granciif1on\ are present not only in the number of distinct populations observed, but also
in their identity. The environmental conditions during each season seem to play a large
role in the number and type of bacteria that are present in the phyllosphere. The
identification of bacteria in the phyllosphere oiMagnolia gmndiflom confirms ihe
abundance of Alphaproteobacteria on plant surfaces and also suggests that many bacteria
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in tlic ph\ lli^splicrc ma\- be beneficial to the plant, or at least specifically adapted to
sui*\ i\ al on the plant surface. Furthennore there are a variety of soil bacteria found on
the leaf surface, \\ hieh ma\ be due to these soil bacteria having an ecological significance
to the plant in senne son of sNinbiotic relationship. The apparent changes revealed by
DOGE suggest that more e.\tensi\ e sequence analysis, looking at sequences found in
each seastm, is \\ arranted. The sequencing of clones from a May, August, and December
sample are cun entlx’ underway. The phyllosphere of leaves has been found to contain an
appreciable amount of biodi\ ersity. The phyllosphere of M graiidiflova leaves have
shown a modest leaf to leaf variation in bacterial communities, but in the case ofseasonal
variation \ ariation in the phyllosphere bacterial community was appreciable.
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SUMMARY'
DGGI: and subsequent analysis using Cluster analysis, MDA,and Jaccard
similarity show ed that the haeterial communities witliin the phyllosphere ifM
^ranciiflora di tVered significantly between seasons. These methods of analysis further
illustrated that not tmly did haeterial communities differ between seasons, but the amount
of \ ariation hetw een lea\ es of the same season differed throughout the year. The
sequencing td' 1 hS rRN A clones were identified from 6 different phyla and classes as
w^ell as some ehloroplast DNA and unknown environmental bacteria. The dominant
bacteria identified w ere in ph\la Proteobacteria, Actinobacteria, and Bacteroidete^. The
most dominant ph\ia was Proteobacteria and all identified Proteobacteria were ofthe
class Alphaproteobacteria. The sequencing of the 16S rRNA clone library shows that the
bacteria present in M. ^^randiflora phyllosphere is dominated by Alphaproteobacteria and
also includes se\ eral other soil bacteria. While only February sequence data was
examined, the apparent changes revealed by DGGE suggest that more extensive sequence
analysis, looking at sequences found in each season, is warranted. In examining
sequence data from each season the variation of bacterial communities could be
specifically identified as to wdiat bacteria are present throughout tlie year.
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